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ABSTRACT
In this work, we investigated the X-ray emission for a sample of young radio AGNs
by combining their data from Chandra/XMM-Newton and at other wavebands. We
find strong correlations between the X-ray luminosity LX in 2−10 keV and the radio
luminosities LR at 5 GHz for VLBI radio-core, VLA radio-core and FIRST component,
indicating that both pc- and kpc-scale radio emission strongly correlate with X-ray
emission in these sources. We find approximately linear dependence of radio on X-ray
luminosity in the sources with radiative efficient accretion flows (i.e., the Eddington
ratio Redd & 10
−3) with b ∼ 1 (LR ∝ L
b
X) and ξRX ∼ 1 in fundamental plane using VLBI
data, where the dependence is consistent with the re-analysed result on the previous
study in Fan & Bai (2016) at Redd & 10
−3, however is significantly deviated from the
theoretical prediction of accretion flow as the origin of X-ray emission. In contrast
to radio-quiet quasars, there is no significant correlation between Γ and Eddington
ratio. Our results seem to indicate that the X-ray emission of high-accreting young
radio AGNs may be from jet. We constructed the SEDs for 18 sources (most are in
radiative efficient accretion) including 9 galaxies and 9 quasars with high-quality X-ray
data, and find that the X-ray emission of most quasars is more luminous than that
of normal radio-quiet quasars. This is clearly seen from the quasar composite SED, of
which the X-ray emission is apparently higher than that of radio-quiet quasars, likely
supporting the jet-related X-ray emission in young radio AGNs. The scenario that the
X-ray emission is from self-synchrotron Compton (SSC) is discussed.
Key words: galaxies: active — X-rays: quasars, galaxies — quasars, galaxies: jets—
accretion, accretion discs: quasars, galaxies
1 INTRODUCTION
Young radio active galactic nuclei (AGNs) are characterized
by compact radio structures and powerful radio emission
(usually radio loud with radio loudness R = L5GHz/L4400 >
10,(Kellermann, et al. 1989)) with characteristic convex ra-
dio spectrum. Usually, they can be divided into various sub-
classes according to convex frequency: high frequency peak-
ers (HFP) radio sources that peak above 5 GHz (linear
size (LS) ≤ 1 kpc), gigahertz peaked spectrum (GPS) ra-
dio sources with peak around 1 GHz (LS ≤ 1 kpc) and com-
pact steep spectrum (CSS) radio sources peaking around 100
MHz (LS≤ 20 kpc) (O’Dea 1998). Like normal AGNs, young
radio AGNs are identified as quasars or galaxies. Galaxies
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show typical double symmetric or triple radio structures,
while quasars display core-jet or complex morphologies.
Quasars are frequently found at higher redshift compared
to galaxies (O’Dea 1998; Liao & Gu 2020), and they tend to
own higher Eddington ratio than galaxies (Liao & Gu 2020).
The population of these radio AGNs is thought to represent
the early evolutionary stage of large-scale Fanaroff-Riley
(FR) I/II (Fanaroff & Riley 1974) radio galaxies (O’Dea
1998; Snellen et al. 2003). This youth scenario is strongly
supported by the measurements of dynamical and/or spec-
tral age, about 102−105 years (Owsianik et al. 1998; Murgia
2003; Polatidis & Conway 2003; Giroletti & Polatidis 2009;
An et al. 2012).
While the previous studies on young radio AGNs
mostly focused on radio band, the investigations on X-
ray emission have been gradually increasing in recent
years (e.g., Vink et al. 2006; Siemiginowska et al. 2008;
Tengstrand et al. 2009; Kunert-Bajraszewska et al. 2014;
Siemiginowska et al. 2016; O’Dea et al. 2017; ?). However,
c© 2020 The Authors
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the mechanism of X-ray emission is still in debate. In
previous works, the X-ray emission has been proposed to
be thermal comptonization emission from disc-corona sys-
tem based on the observational perspective by systemat-
ically analyzing the spectral index, obscuration and com-
parison with larger AGNs(e.g., Siemiginowska et al. 2008;
Tengstrand et al. 2009). On the contrary, the spectral en-
ergy distribution (SED) modeling shows that the X-ray
emission can be likely produced from non-thermal inverse
Compton scatter process in either radio lobes for galaxies
(Stawarz et al. 2008; Ostorero et al. 2010) or jets for quasars
(Worrall et al. 2004; Migliori et al. 2012, 2014). Moreover,
the thermal emission observed from ISM caused by the in-
teraction between jet and the surrounding materials has
been reported in some sources (e.g., 3C 303.1 and 3C 305,
O’Dea et al. 2017).
It has been proved that the relationship between the
radio and X-ray luminosity (LR ∝ L
b
X), and the funda-
mental plane of black hole activity (log LR = ξRX log
LX + ξRM log MBH + constant) are useful approaches to
study the mechanism of X-ray emission in AGNs (e.g.,
Merloni et al. 2003). Previous studies showed that L5GHz ∝
L
∼(0.6−0.7)
2−10keV in low-luminosity AGNs (LLAGNs) and at under-
luminous low/hard spectra state of black hole X-ray bina-
ries (BHBs) (e.g., Merloni et al. 2003; Ko¨rding et al. 2006),
while the correlation becomes steeper L5GHz ∝ L
∼1.4
2−10keV in
luminous AGNs and at luminous low/hard spectra state of
BHBs (Coriat et al. 2011; Dong et al. 2014). The different
radio−X-ray slopes could be explained by the different ac-
cretion modes, where slopes of 0.7 and 1.4 correspond to ra-
diatively inefficient and efficient accretion, respectively. The
slope of radio/X-ray luminosity correlation in radio-loud
AGNs appears to be much steeper compared with that of
radio-quiet AGNs (Li et al. 2008; de Gasperin et al. 2011),
possibly due to the jet contribution at X-ray band.
Fan & Bai (2016) presented the first systematic study
of radio/X-ray relation and fundamental plane for young
radio AGNs consisting of high-excitation and low-excitation
galaxies. The used radio data in their work was from NRAO
VLA Sky Survey (NVSS, at 45′′ resolution), while the X-ray
data and black hole mass were collected from the literature.
Their results on the radio/X-ray connection and fundamen-
tal plane are consistent with the predication of Merloni et al.
(2003), implying that the X-ray radiation comes from the
disk-corona system, rather than the jet. In this work, we aim
to re-investigate the radio/X-ray relation and fundamental
plane by constructing a larger sample, and making use of
higher-resolution radio data (VLBI, VLA, and/or FIRST),
to explore the origin of X-ray emission in young radio AGNs.
We also compile multi-band data to study their global radi-
ation properties. Section 2 shows the sample selection and
data used in the work. In Section 3, our results are presented.
Section 4 gives discussions and the main results are summa-
rized in Section 5. Throughout the paper. the cosmological
parameters H0 = 70kms
−1 Mpc−1, Ωm = 0.3, and Ωλ = 0.7 are
adopted. The spectral index αν is defined as fν ∝ ν
−αν with
fν being the flux density at frequency ν.
2 SAMPLE AND DATA
2.1 Sample selection
To build the largest sample with X-ray data, we started with
the parent sample of 468 young radio AGNs in Liao & Gu
(2020), which was collected from available radio-selected
samples in the literature and the blazar-type objects have
been excluded. The sample was cross-matched with Chan-
dra and XMM-Newton X-ray archives to search the available
X-ray observations within 2 ′′ and 5 ′′ to NASA/IPAC Ex-
tragalactic Database (NED) source positions, respectively.
We found that 89 out of 468 sources have available X-ray
data from Chandra and/or XMM-Newton observations. Ad-
ditional two CSS radio sources of 3C 305 (Massaro et al.
2009) and 4C 13.66 (Wilkes et al. 2013) were also included.
Our final X-ray sample thus consists of 91 sources, which
are listed in Table 1. It should be noticed that our sources
are heterogeneous and their properties are possibly strongly
influenced by different selection purpose in the literature.
Nevertheless, it’s the largest sample with X-ray observations,
enabling us to study the emission in young radio AGNs.
2.2 Data
2.2.1 X-ray
The X-ray data from Chandra and XMM-Newton were
searched from the literature. When both Chandra and
XMM-Newton data are available for the source, in principle
the Chandra data is preferred due to its higher spatial reso-
lution. But for 2MASX J19455354+7055488, PKS2127+04,
COINS J2022+6136, we used XMM-Newton data because
of their deeper observations and better spectral analyses
than those of Chandra in the literature. Six sources were ex-
cluded in the analysis due to various reasons. Two of them
are lensed sources, CGSRaBs J1424+2256 (Patnaik et al.
1992) and 4C+05.19 (Schechter & Moore 1993). It’s diffi-
cult to determine their intrinsic emission at X-ray and ra-
dio bands. NGC 262 was excluded because the significant
X-ray spectral variability was reported in the literature
(Herna´ndez-Garc´ıa et al. 2015). The X-ray emission of 4C
31.04 and SDSS J124733.31+672316.4 (Siemiginowska et al.
2016), and SDSS J130941.51+404757.2 are too faint to be
measured from Chandra or XMM-Newton observations. Af-
ter excluding these six objects, the X-ray data is available
in 85 sources.
In order to study the X-ray emission in details, both
the flux density at 2 − 10 keV and photon index Γ are re-
quired from the literature. For our sample of 85 sources,
these information are available for 56 objects, of which the
luminosity at 2 − 10 keV can be calculated. In four sources
(4C+00.02, PKS 0428+20, 4C+14.41 and PKS 2008-068),
the detailed X-ray spectral analysis can’t be performed due
to low signal-to-noise ratio (Tengstrand et al. 2009). There-
fore, only the 2 − 10 keV luminosities were directly taken
from Tengstrand et al. (2009), which was either calculated
with assumed photon index (PKS 0428+20, 4C+14.41 and
PKS 2008-068), or extrapolated from the soft X-ray band
(4C+00.02).
The X-ray data of the remaining 25 sources (twenty-
two 3C sources, PKS B1421-490, PKS 1413+135, and PKS
0237-23) have been analyzed and published in various papers
MNRAS 000, 1–15 (2020)
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(Massaro et al. 2010, 2011, 2012; Hardcastle et al. 2012;
Massaro et al. 2013, 2015; Stuardi et al. 2018; Henley et al.
2010). However, these works mainly focused on either only
the flux (e.g., Massaro et al. 2015) or the extended X-ray
emission. In order to get both the flux and photon index,
we re-analyzed their Chandra and XMM-Newton data. We
used Chandra Interactive Analysis of Observations software
(CIAO) v4.8 and Chandra Calibration Database (CALDB)
version 4.7.1 to reduce the data (Fruscione et al. 2006).
Chandra repro script was used to create a new level 2 event
file and a new bad pixel file. Data energy was filtered be-
tween 0.3−10 keV, and the background flares were carefully
checked. We extracted the spectrum of core region within a
radius of 2.5′′ with specextract script, and a 20−30′′ source-
centered annulus was used for background region. We care-
fully calculated pile-up fraction with PIMMS for all Chandra
data, and found no data affected by pile-up effect.
PKS 0237− 23 has only XMM-Newton data (observa-
tion ID: 0300630301). We processed the data with Scien-
tific Analysis Software (SAS) package step by step with
SAS cookbook1. The X-ray spectrum was extracted from
a source-centered radius of 32′′ with background region 40′′
near the source, and it was later binned by minimum 25
counts for background-subtracted spectral channel. We also
checked pile-up effect with epat plot, and no pile-up effect
was found.
All the extracted spectra were fitted with Xspec using
an absorbed power-law model with absorption components
of galactic absorption (Kalberla et al. 2005) and intrinsic ab-
sorption, which are characterized by the equivalent neutral
hydrogen column density of Ngal and NzabsH . The detailed spec-
tral fit can be carried out in 19 objects with counts larger
than 40 within a radius of 2.5′′, then the luminosity and
photon index can be obtained. In the remaining six objects
with low counts, a fixed photon index of Γ = 1.7 was used
to calculate the 2 − 10 keV X-ray luminosity. The X-ray lu-
minosity and photon index for our sample is shown in Table
1.
2.2.2 Radio
We carefully searched the published VLBI and VLA data
at 5 GHz only for radio core from NED and the literature,
with the aim to minimize the contamination from extended
emission of radio lobes or host galaxies. When 5 GHz VLBI
observations are not available, we collected 8.4 GHz VLBI
radio-core emission in five sources (see Table 1). Among 91
sources, the VLBI data were obtained for 44 sources, and
the VLA data is available for 52 objects which are usu-
ally unresolved in VLA images showing compact structure
and point-like morphology. As supplementary, the 1.4 GHz
flux is also included in our work for 48 objects from Faint
Images of the Radio Sky at Twenty-Centimeters (FIRST)
(Helfand et al. 2015). And also, our sources are unresolved
in FIRST images. The K-correction was applied to calculate
the luminosity assuming the spectra index of 0 at 5 GHz,
and 0.5 at 1.4 GHz.
1 https://heasarc.gsfc.nasa.gov/docs/xmm/abc/
2.2.3 Optical/UV
The optical spectra of our sample were collected from SDSS
DR12. The black hole mass and Eddington ratio were di-
rectly taken from Liao & Gu (2020), in which the spec-
troscopic analysis was carried out on the largest optical
sample of young radio AGNs using the data from SDSS
DR12. The BH masses were estimated with various em-
pirical relations utilizing the line width and luminosity of
broad lines (i.e., Hβ , Mg II, C IV) in order to avoid the
contamination from non-thermal jet emission, or with the
relation of BH mass and stellar velocity dispersions (σ∗),
or with [OIII] line width which was used as surrogate of
σ∗ (see details in Liao & Gu (2020)). The Eddington ratio
Redd = Lbol/LEdd was calculated with the bolometric lumi-
nosity Lbol estimated from the luminosities of broad lines
(i.e., LHβ , LMgII, LCIV) or narrow [OIII] line, and the Ed-
dington luminosity Ledd = 1.38× 10
38MBH/M⊙ (see details
in Liao & Gu 2020). 3C 305 is not included in the original
sample of Liao & Gu (2020), and its SDSS spectrum was
analyzed as in Liao & Gu (2020), from which the black hole
mass and Eddington ratio were then calculated.
In addition, we collected the FUV and NUV data for
our sample from GALEX (Morrissey et al. 2007).
2.2.4 Infrared
To build spectral energy distribution for young radio AGNs,
the infrared data was collected from near-infrared survey of
Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006)
at 1.2, 1.6, and 2.2 µm, and from United Kingdom Infrared
Telescope (UKIRT) Infrared Deep Sky Survey (UKIDSS,
Lawrence et al. 2012) at 1.0, 1.2, 1.6, and 2.2 µm. Moreover,
the mid-infrared photometry data from Wide-field Infrared
Survey Explorer (WISE, Wright et al. 2010) at 3.4, 4.6, 12,
and 22 µm, and from Infrared Array Camera (IRAC) at 3.6,
4.5, 5.8, and 8 µm (Fazio et al. 2004), together with Multi-
band Imaging Photometer for Spitzer (MIPS; Rieke et al.
2004) at 24, 70, and 160 µm were also collected when avail-
able.
2.2.5 Sample properties
Our sample of 91 sources is shown in Table 1, consisting
of 52 CSS, 26 GPS, 4 HFP and 9 compact symmetric ob-
jects (CSO). The sample sources were further classified as
57 galaxies and 34 quasars. The distributions of redshift, X-
ray luminosity at 2 −10 keV, radio luminosity at 5 GHz,
and X-ray photon index are shown in Figure 1. The X-ray
luminosities of quasars are systematically higher than those
of galaxies, with galaxies covering about five order of mag-
nitude at lower luminosity 1040 − 1045 erg s−1 compared to
quasars mainly at 1043 − 1046 erg s−1. The VLA/FIRST lu-
minosity is systematically larger than VLBI luminosity by
about one order of magnitude when the sources with both
VLA/FIRST and VLBI data considered (i.e., LVLA/FIRST ∼
10 LVLBI). This suggests that large scale (arcsec scale) emis-
sion is dominant in VLA and FIRST images, although they
are usually compact. We find that the photon index Γ at 2 -
10 keV has a broad distribution from 0.86 to 2.62 with me-
dian and mean values ∼ 1.7. There is no significant difference
in Γ distribution between galaxies and quasars. It should be
MNRAS 000, 1–15 (2020)
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noted that only free-fitting derived Γ in X-ray spectra anal-
ysis either in the literature or from our data analysis was
contained in our following statistic analysis.
3 RESULTS
3.1 Radio/X-ray correlation
In Figure 2, the X-ray luminosity is plotted with the ra-
dio luminosity for 47 FIRST sources, 50 VLA core, and 42
VLBI core detections. We found strong correlations between
the X-ray luminosity LX at 2−10 keV and the radio lumi-
nosity LR at 5 GHz of VLA, FIRST, and VLBI, with Spear-
man rank correlation coefficient rs = 0.77, 0.82, 0.84, respec-
tively, and all with the probability Pnull < 10
−10 for the null
hypothesis of no correlation. The partial Kendall τ correla-
tion test (Akritas & Siebert 1996) was performed to exclude
the common dependence of luminosities on the redshift. The
partial correlation between LX and LR is still significant
(Pnull < 10
−3). The strong correlations imply that both pc-
and kpc-scale radio emission have tight relation with X-ray
emission in our sample. The Ordinary Least Squares bisec-
tor (OLS bisector) (Isobe, Feigelson, Akritas & Babu 1990)
fits to the correlations between LX and LR give:
logLRVLA = 0.95(±0.08)× log LX+1.79(±3.62) (1)
logLRFIRST = 1.13(±0.09)× log LX−6.04(±3.97) (2)
logLRVLBI = 1.04(±0.06)× log LX−3.37(±2.83) (3)
All these fits show approximately linear relations between
log LX and log LR.
3.2 Fundamental plane
The fundamental plane can be used to constrain the mech-
anism of X-ray emission. The dependence of radio on X-ray
emission can be quite different between radiative efficient
and inefficient accretion flows. In our sample, 34 objects
have both BH mass and Eddington ratio estimations. Using
a dividing value of Eddington ratio 0.001 to distinguish ra-
diative efficient and inefficient accretion flows, the radiative
efficient flow (Redd>∼10
−3) (Qiao & Liu 2015) is present in
26 sources. It provides us an opportunity to explore the fun-
damental plane of young radio AGNs under the condition of
radiatively efficient accretion. The source number reduces to
13 when VLBI radio-core data is required, where using VLBI
data can effectively exclude the dominant large-scale radio
emission in FIRST/VLA data as shown in Section 2.2.2 and
2.2.5. We utilized the multiple linear regression of Bayesian
approach (Kelly 2007) to investigate the fundamental plane
as used in Fan & Bai (2016), i.e. the relation of LR, LX, and
MBH. We adopted the typical uncertainties σR = 0.2, and
σX = 0.3 (e.g., Li & Gu 2018). The uncertainty of black
hole mass σM was estimated from the measurement uncer-
tainties of various line parameters in empirical relation in
Liao & Gu (2020). We performed 5000 times Monte Carlo
simulation with uncertainties in radio and X-ray luminos-
ity varying between 0.02 and 0.2 dex, and 0.02 and 0.3 dex,
respectively. The median values of 5000 times experiments
were taken as the fitted results for each parameters, and the
intervals containing 68% were considered as the correspond-
ing errors.
Our best fitting results show:
logLRVLBI = 0.99
+0.05
−0.05 logLX−0.15
+0.06
−0.06 logMBH+0.04
+1.70
−1.70 (4)
with intrinsic scatters σ = 0.57.
The corresponding linear relation (OLS bisector) be-
tween LX and LR are:
logLRVLBI = 1.02(±0.14) log LX−2.98(±6.07) (5)
As comparison, we also study the fundamental plane
when large scale radio emission included by using FIRST
data as did for VLBI data 2. There has 12 sources with both
VLBI radio-core and FIRST detections, and Redd>∼10
−3. The
best fitting results show:
logLRFIRST = 1.08
+0.07
−0.07 logLX+0.11
+0.14
−0.14 logMBH−5.10
+1.84
−1.84 (6)
with intrinsic scatters σ = 0.67.
logLRFIRST = 1.15(±0.23) log LX−7.44(±10.52) (7)
Our results show that b ∼ 1 (LR ∝ L
b
X) and ξRX ∼ 1 for
the high accreted sources in our sample with pc-scale radio
emission. While ξRX in FIRST data is slightly steeper than
that in VLBI data, the values of ξRX are consistent with
each other within errors.
The fundamental plane and radio/X-ray relation for
VLBI radio core and FIRST radio luminosity in our high-
accreted objects are shown in Figures 3 and 4. When avail-
able, the uncertainty on LX is in the range of 0.04 − 0.29
dex, and the uncertainty of VLBI LR is 0.03 − 0.11 dex.
In constrast, the uncertainty of FIRST LR is rather small
(< 10−3 dex), and can be usually neglected.
3.2.1 Γ vs Eddington ratio
The significant correlation between the hard X-ray pho-
ton index Γ and Eddington ratio has been found in radio-
quiet AGNs in the literature (Brandt, & Alexander 2015; Li
2019), which would be the clue on the X-ray emission from
disk-corona system. Li (2019) found that this correlation is
very strong in radio-quiet AGNs, while no significant cor-
relation is present in radio-loud AGNs. The authors argued
that the X-ray emission from the jet in radio-loud AGNs
should be very important. Thus, studying the relationship
between Γ and Eddignton ratio Redd may shed light on the
X-ray emission for our high-accreted sources, which is shown
for sources with VLBI core detections and FIRST measure-
ments in Figure 5, where the uncertainty on Γ is less than
0.20 in most sources (see Table 1). We failed to find any
significant correlations (Pnull > 0.05), as Li (2019).
2 The FIRST data can better represent kpc radio emission than
VLA data due to the consistent resolution.
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Figure 1. The distributions of various parameters for the sample: upper le f t : redshift; upper right : the X-ray luminosity at 2−10 keV;
lower le f t : the radio luminosity at 5 GHz; lower right : the X-ray photon index in 2−10 keV.
3.3 Spectral energy distribution
Besides the correlation analysis on multi-band emission, the
spectral energy distribution (SED) can also be used to study
the nature of multi-band emission for young radio AGNs, es-
pecially when compared with other AGN populations. The
quasar composite SED (e.g., Shang et al. 2011, hereafter
S11) shows that the prominent differences between radio-
loud quasar (RLQ) and radio-quiet (RQQ) quasar are in ra-
dio and X-ray bands but have almost same feature in other
bands . The distinction in radio band could be most likely
due to the presence of jets in RLQs. The reason of difference
at X-ray band is unclear, which may be caused by the pow-
erful jets in RLQs. Comparing the composite SED of young
radio AGNs with normal quasars may shed light on their
global SEDs, especially at X-ray band.
In order to well study the X-ray spectra, we only con-
sidered the sources with X-ray spectral fitting at high signif-
icance either in the literature or from our data analysis. In
this case, 56 sources in our sample are included, of which 27
objects have available optical spectrum in SDSS DR12. It
has been shown that the optical/UV composite spectrum
of young CSS quasars may suffer from the dust redden-
ing and show steep continuum and large Balmer decrements
(Baker & Hunstead 1995). While the dust extinction is likely
present at optical/UV bands, the infrared (IR) band is less
affected, which can be used as normalization in constructing
the composite SED. We searched the IR data covering the
rest-frame 1µm, and found 22 out of 27 sources have near-
IR data from 2MASS/UKIDSS. The final source number re-
duces to 18 (9 quasars and 9 galaxies), after excluding four
sources with weak nuclei emission in Chandra images (SDSS
J092405.30+141021.4, SDSS J132419.67+041907.0, and 3C
305) or uncertain complicated X-ray spectrum (Mrk 0668).
3.3.1 Individual objects
The rest-frame broadband SED for individual objects in log
ν fν − log ν space from radio to X-ray bands are shown in
Figures 8 and 9, for quasars and galaxies, respectively, to-
gether with SEDs of RLQs and RQQs from S11 as compar-
ison. The Eddington ratio in all quasars and most galaxies
are greater than 10−3. The multi-band flux density was nor-
malized to rest-frame 1µm (log ν ∼ 14.5). The radio data
from 10 MHz to 23 GHz collected from NED clearly shows
prominent excess compared to RLQs in most sources, es-
pecially in all quasars. This is consistent with the notion
that young radio AGNs are efficient radio emitters at early
stage of radio activity (Liao & Gu 2020), and the radio lu-
minosity will decrease when they finally evolve to large-scale
radio sources (O’Dea 1998). We find that the X-ray spectra
at 0.3−10 keV of all quasars except for 3C 286 and 3C 186
are higher than that of S11 RQQs. In contrast, the X-ray
emission of all galaxies except for PKS 1413+135 is below
MNRAS 000, 1–15 (2020)
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Figure 2. The radio luminosity at 5 GHz and the X-ray luminosity at 2-10 keV. The solid, dotted and dashed lines are linear fits using
OLS bisector method for VLA, FIRST and VLBI data, respectively.
Figure 3. The fundamental plane of black hole activity for young radio AGNs with VLBI radio-core detection and Redd>∼10
−3 (le f t).
The dashed line is the best fit; The relationship between LR and LX in young radio AGNs with VLBI radio-core detection and Redd>∼10
−3
(right). The dashed line is the best fit using OLS bisector method.
that of RQQs in S11. The infrared emission in quasars is
in general consistent with that of S11, indicating a thermal
IR bump mainly emitted from dusty torus. The IR bump is
only seen in three galaxies with two even more significant
(SDSS J151141.26+051809.2 and PKS 1413+135), and the
rest one (3C 237) comparable to S11 quasars. As the indi-
cator of thermal emission from accretion disc, the big blue
bump (BBB) is visible in five quasars (3C 186, 3C 277.1,
3C 286, 3C 287 and 3C 298), however it’s not seen in the
rest of objects (3C 49, 3C 190, 3C 216 and 3C 318). As ex-
pected, BBB is lacking in all galaxies. Despite the SEDs of
galaxies being different from those of quasars in optical, in-
frared and X-ray bands may due to the obscure caused by
the larger view angle, the intrinsic emission for quasar and
galaxy should be same under the AGN unification model.
3.3.2 Composite SED
The same method of constructing composite SED as in S11
was applied for our young radio quasars. We rebined the
normalized data for each waveband, where the median value
and the central frequency of each bin represent one flux point
MNRAS 000, 1–15 (2020)
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Figure 4. Same as Figure 3, but for the sources with FIRST detections.
Figure 5. The photon index Γ versus the Eddington ratio for
sources with Redd>∼10
−3 and radio detections with both VLBI core
detections and FIRST detections.
and one frequency of that point in the final composite SED,
respectively. The use of median value in the composite SED
can effectively prevent the extreme data point as suggested
by S11. The adopted bin numbers for each band were deter-
mined by considering both the statistical significance and
spectral features (e.g., S11). Eight bins were applied to re-
bin the radio data from 7.26 to 10.67 in log ν space with
interval ∆ log ν = 0.426. At infrared band, seven bins were
used in log ν range of 12.75 − 14.77 with ∆ log ν = 0.289.
The SDSS spectra were rebinned in 160 bins with a bin size
of ∆ log ν = 0.0035 in 14.63 − 15.20, which is covered by most
quasars. The NUV and FUV data from GALEX in the fre-
quency range of 15.33 − 15.67 were rebined in two bins with
bin size of 0.17. At X-ray band, we defined 10 bins within
17.27 − 18.50 frequency range, with a bin size of ∆ log ν =
0.123.
We present the median composite SED in Figure 6.
Since our composite SED was constructed based on only nine
quasars, it is necessary to study the properties of these nine
quasars comparing to those of all quasars in our sample, and
verify the representative of these nine quasars with respect
to all quasars. The Kolmogorov−Smirnov (K−S) test was
applied to check whether the differences of redshift, L1µm,
LR and LX distributions between nine quasars and all quasars
are significant or not. The K-S test results show that the dis-
tributions are all similar for redshift, L1µm, LFIRST, LVLBI,
and LX (see Figure 7), with P-value of 0.76, 0.29, and 0.99,
0.98 and 0.59, respectively. This implies that nine quasars
can represent all quasars in our sample and there is likely
no strong bias introduced to the composite SED, which is
further supported by the consistency of the median values
at 1.4 GHz and 6 keV between nine quasars and all quasars
(indicated with blue crosses) as shown in Figure 6.
Although the composite SED is constructed from only
nine quasars, it shows prominent features when compared
with the composite SED of S11 quasars. While the over-
all SED at IR band is similar to S11 quasars 3, the radio
spectrum of our composite SED is significantly larger than
that of S11 RLQs, indicating powerful radio emission in our
sources. It can also be clearly seen that the hard X-ray emis-
sion in our comparison SED is higher than S11 RQQs though
lower than S11 RLQs. With the normalization at 1µm, the
optical/UV spectrum of our composite SED is lower than
that of S11 quasars, likely caused by dust extinction as ar-
gued in Baker & Hunstead (1995).
4 DISCUSSION
The theoretical models predict that the coefficients between
the radio emission of optically thick core and X-ray emis-
sion are ∼ 0.6 or ∼ 1.4 when X-ray emission is from ra-
diatively inefficient or efficient accretion flows, respectively
(Merloni et al. 2003), assuming a flat radio spectral index αR
∼ 0 and the canonical value of the power-law index of radio
emitting electron p = 2 (Heinz & Sunyaev 2003). Therefore,
if X-ray emission is from accretion flow in our high-accretion
sources, b ∼ 1.4 would be expected. However, our results of
b and ξRX ∼ 1 deviate from the predictions. Previous stud-
ies on the fundamental plane mainly focused on either in
low-luminosity AGNs with radiatively inefficient accretion
flows (e.g., Merloni et al. 2003), or radiatively efficient ac-
cretion in radio-quiet sources (e.g., Dong et al. 2014). Our
3 It should be noted that the two bins of 12.75-13.04 and 13.04-
13.33 frequency range are only covered by three and two sources,
respectively, implying large uncertainty in rebined value for these
two bins to track the far-infrared emission.
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Figure 6. The median composite SED of our young radio quasars in red solid lines and circles. The black and green thick solid lines are
composite SEDs of radio-loud and radio-quiet quasars in S11, respectively. All composite SEDs are normalized at 1 µm. The grey lines
are X-ray spectra for individual objects. The blue crosses are the median values at 1.4 GHz and 6 KeV for all quasars in our sample with
near-infrared data covering the rest-frame 1µm. The inset shows the amplification of optical/UV band for the sake of presentation.
young radio AGNs with both radiatively efficient accretion
and powerful radio emission differ from these populations.
The deviation of radio/X-ray correlation and fundamental
plane from predictions indicate that the X-ray emission in
these sources is not dominated by accretion process (i.e.,
disk-corona system), and the contribution from the jet might
be important as they are strong radio emitters.
The jet-related X-ray emission could be associated with
the synchrotron emission from the same population of elec-
trons responsible for the radio emission, or inverse Comp-
ton (IC) scattering of these electrons on low-energy photons.
The IC emission could be either synchrotron self-Compton
(SSC) where the seed photons are produced in the jet, or
the inverse Compton on an external seed photon field (EC)
(Dermer et al. 1992). As suggested in Ko¨rding et al. (2006),
the cut-off photon energy of synchrotron emission is usually
below X-ray band in strongly accreting system. The average
value of photon index at 2−10 keV is 1.64 for the sources
involved in the fundamental plane. The value is similar
to that of flat spectrum radio quasars (FSRQs, 1.65±0.04)
(Donato et al. 2001), where the hard X-ray emission is gen-
eral due to SSC (Chen 2018). On the other hand, the photon
index of our sources is flatter than normal RQQs (Γ∼ 1.89,
Ko¨rding et al. 2006). Moreover, no significant correlation
was found between hard X-ray photon index and Edding-
ton ratio (see Section 3.2.1). In contrast, the correlation was
found to be very strong in radio-quiet quasars of which the
X-ray is produced by disk-corona system (Wang et al. 2004;
Li 2019). All these results imply that the X-ray emission in
our sources could be different from RQQs, and may be domi-
nated by the jet emission, presumably through SSC. The no-
tion that the X-ray emission is likely from SSC is supported
by the comparison of VLBI radio-core flux and X-ray flux for
the sample of 56 extragalactic sources in Bloom & Marscher
(1991), which suggested their data are consistent with the
expections of SSC model. The analysis on their data shows
b = 1.06±0.08 (LR ∝ L
b
X) by using the same OLS method as
in our work, in good agreement with our results.
Although the blazar-type objects have been excluded
in our original sample (Liao & Gu 2020), our median com-
posite SED of quasars have clear excess at hard X-ray band
with respect to the composite SED of S11 RQQs. This may
also be the clue of jet-related emission at X-ray band. The
broadband SED modeling of young radio AGNs have been
made by several studies, which can be effective in discerning
the X-ray emission components and possible jet contribu-
tion. In Migliori et al. (2012), they showed that the jet of
CSS quasar 3C 186 could contribute to the total X-ray emis-
sion when it develops a complex velocity structure. In an-
other CSS quasar, 3C 48, the excess in the hard X-ray band
reported in Worrall et al. (2004) is ascribed to the inner
part of the jet. Migliori et al. (2014) used synchrotron+IC
model to fit the SEDs of a sample of young quasars from
Siemiginowska et al. (2008), most of which is also included
in our sample. The authors claimed that the bulk of X-ray
emission should be related to the inner jet (< 1 kpc) if it
is from jet. This is in line with our finding that the X-ray
emission is tightly related with the VLBI core emission com-
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Figure 7. The distributions of various quantities for all quasars in our sample (the black solid lines) and nine quasars used to compute
the composite SED (the red solid lines): top le f t : redshift; top right : the luminosity of 1µm ; middle le f t : the radio luminosity at 5 GHz
with VLBI radio-core detection; middle right : the radio luminosity at 5 GHz with FIRST detection; bottom : the X-ray luminosity at 2−10
keV.
monly within 1 kpc. The SED modeling of individual sources
in a large sample is necessary to further study the mecha-
nism of X-ray emission, which however is beyond the scope
of our present work.
The first systematic study of radio/X-ray relation and
fundamental plane for young radio AGNs is shown in
Fan & Bai (2016). They found that radio/X-ray connection
b (LR ∝ L
b
X) and ξRX ∼ 0.6, consistent with the result of
Merloni et al. (2003), which support the accretion-related
X-ray emission. Our finding of b and ξRX ∼ 1 in our high-
accretion sources (Redd>∼10
−3) is apparently different from
those of Fan & Bai (2016). Although both works are based
on the comparable sample size in studying the fundamen-
tal plane (see Table 2), our sample requires the sources
with the higher-resolution VLBI detections which can effec-
tively exclude the dominant large-scale radio emission (e.g.,
in NVSS images), and with uniformly estimated black hole
masses. In order to investigate the reasons for the steepen-
ing ξRX, we started from checking the data of 31 commom
sources between our work and Fan & Bai (2016) (see Table
2). All based on the original data from Siemiginowska et al.
(2008) and Tengstrand et al. (2009), we found that the LX in
their work were overestimated by about one order of magni-
tude compared to ours (confirmed by private communication
with the authors). With the corrected LX, their fundamental
plane (FP) relation was then re-analyzed. We found that the
new index is ξRX = 0.66±0.08, still consistent within the er-
rors with their original result, 0.58±0.03. Since the corrected
LX is lower than the original values, we then studied the FP
only for Lbol/Ledd > 10
−3 (as in our work) by converting
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the corrected LX to Lbol by applying the bolometric correc-
tion at X-ray band from Netzer (2019). In this case, only
one source in their sample, PKS 0941-08 (Lbol/Ledd < 10
−3)
was excluded (see Figure 10), which has the least LX and
locate in the low luminosity end of LR. Interestingly, the
derived ξRX value (0.92±0.05) is consistent with our result
(0.99±0.05) within errors (see Table 3). This could give us
the hint of importance of FP study at different range of
accrete rate. The consistent result while using different ra-
dio data can be understood with the consistent correlations
from VLA, FIRST and VLBI, and especially LVLA/FIRST ∼
10 LVLBI. We analyzed those 44 sources in our whole sample
with both VLBI and NVSS detections and found that aver-
agely LNVSS ∼ 10 LVLBI (albeit large scatter, see Figure 10),
similar to LFIRST ∼ 10 LVLBI. This supports that the large
scale radio emission probed by NVSS will not significantly
alter ξRX. In constructing our sample, we required the uni-
formly estimated black hole masses based on SDSS spectra,
in contrast to the collection from the literature in Fan & Bai
(2016). The discrepancy of BH masses in six overlapped
sources in the FP study between our work and Fan & Bai
(2016) is shown in Figure 10 (see also Table 2). We found
that the discrepancies in all sources are below or close to
the typical uncertainty 0.5 dex in BH mass estimation, ex-
cept for one object with 1.33 dex, in which the BH mass
calculated from stellar velocity dispersion is adopted by us,
while the value obtained based on broad emission lines was
used in Fan & Bai (2016). We found that the replacement
of BH masses with our measurements in these six objects
still gives consistent ξRX with ours (see Table 3). Our re-
analysis on Fan & Bai’s sample indicates that the results in
our work is generally consistent with Fan & Bai at Lbol/Ledd
> 10−3, although different radio emission are used (VLBI
versus NVSS) and only six sources are overlapped in two
samples.
It should be noted that the number of sources included
in the studies on the fundamental plane and spectral energy
distribution is rather small. Moreover, the similar analysis
can’t be done for sources with low Eddington ratio (i,e.,
radiatively inefficient accretion) due to the limited data and
source number. A larger sample with better observational
data will be needed to further study the mechanism of X-
ray emission for young radio AGNs, at both high and low
accretion rates.
5 CONCLUSION
In this work, we study the X-ray emission in young radio
AGNs by using multi-band data. We found that the radio
and X-ray luminosities are tightly correlated with linear re-
lations. The fundamental plane of high-accreted sources are
investigated, and the approximate linear dependence of ra-
dio on X-ray emission is found. The photon index of hard
X-ray is similar to that of FSRQs, and there is no signif-
icant correlation between the photon index and Eddington
ratio. The X-ray spectra in most individual objects and com-
posite SED for young radio quasars are higher than that of
RQQs. All our results imply that the X-ray emission in high-
accreted young radio AGNs could be related with jet, likely
from SSC.
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Figure 8. The SEDs of nine quasars from radio to X-ray band. The black and green thick solid lines are composite SEDs of radio-loud
and radio-quiet quasars in S11, respectively. All SEDs are normalized at 1 µm. The circles stand for the multi-band data from radio to
optical/UV. The red and black solid lines represent the X-ray and optical spectra, repectively.
Figure 9. Same as Figure 8, but for nine galaxies.
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Table 1. Sample
Name z Type ID log FR log LR refs. log FR log LR refs. log FR log LR log LX Γ refs. log MBH log Redd
VLA VLBI FIRST 2-10keV
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
3C 43 1.459 CSS Q 950 44.41 1 175 43.67 17 . . . . . . 45.57 1.53+0.25
−0.15 42 . . . . . .
3C 48 0.367 CSS Q 5700 44.00 1 61 42.01 18 . . . . . . 44.70 2.52+0.07
−0.09 43 . . . . . .
3C 49♠ 0.621 CSS Q 660 42.75 2 . . . . . . . . . . . . . . . 44.71 1.66+0.33−0.32 42 8.59 -2.05
3C 67 0.310 CSS G . . . . . . . . . 20 41.43 19 . . . . . . 43.99 1.32+0.13
−0.11 44 . . . . . .
3C 93.1 0.243 CSS G 790 42.75 1 . . . . . . . . . . . . . . . 43.24 1.87+0.31−0.29 42 . . . . . .
3C 119 1.023 CSS G 3750 44.71 1 95 43.11 20 . . . . . . 45.08 1.50+0.10−0.10 45 . . . . . .
3C 138 0.759 CSS Q 1089 43.91 3 38 42.46 21 . . . . . . 45.66 1.46+0.24−0.11 42 . . . . . .
3C 147 0.545 CSS Q 8000 44.49 1 . . . . . . . . . . . . . . . 44.86 1.85+0.24−0.22 42 . . . . . .
3C 173 1.035 CSS G 373 43.72 4 . . . . . . . . . . . . . . . 44.43 1.70a 45 . . . . . .
3C 186♣ ♠ 1.066 CSS Q . . . . . . . . . 18 42.43 19 1245 44.15 44.64 2.09+0.08−0.08 43 9.11 -1.26
3C 190♣ ♠ 1.196 CSS Q 100 43.27 1 21∗ 42.59 22 2598 44.58 45.26 1.61+0.06
−0.05 42 8.82 -1.33
3C 191♣ 1.968 CSS Q 35 43.21 1 22∗ 43.00 22 1870 44.90 45.65 1.68+0.11−0.10 42 8.06 0.25
4C 40.20 0.551 CSS Q . . . . . . . . . . . . . . . . . . 1068 43.44 44.23 1.91+0.37−0.36 46 8.05 -1.25
4C 07.22 0.112 CSS G . . . . . . . . . . . . . . . . . . 463 41.57 42.80 0.64+0.15
−0.15 47 8.37 -2.93
3C 213.1♣ 0.194 CSS G 460 42.32 4 16∗ 40.86 19 1493 42.59 42.68 1.90+0.44−0.36 42 7.83 -2.20
3C 216♠ 0.670 CSS Q 1050 43.79 1 350 43.31 23 4010 44.20 45.15 1.59+0.26
−0.13 42 . . . . . .
SDSS J090951.11+044422.7 0.640 CSS G . . . . . . . . . . . . . . . . . . 185 42.82 42.90 1.70 47 . . . . . .
SDSS J092405.30+141021.4 0.136 CSS G . . . . . . . . . . . . . . . . . . 108 41.12 42.18 1.80+0.30−0.30 48 9.17 -3.83
SDSS J094525.90+352103.6 0.208 CSS G . . . . . . . . . . . . . . . . . . 148 41.65 42.91 1.60+0.24
−0.16 47 7.70 -1.37
3C 237 0.877 CSS Q . . . . . . . . . . . . . . . . . . 6401 44.67 43.91 1.88+0.44−0.40 42 9.84 -2.66
3C 241 1.617 CSS G . . . . . . . . . . . . . . . . . . 1734 44.67 45.00 1.47+0.25−0.24 42 . . . . . .
4C 35.23 1.604 CSS Q . . . . . . . . . 104 43.53 24 1051 44.46 43.84 1.70 49 . . . . . .
3C 258 0.165 CSS G . . . . . . . . . . . . . . . . . . 897 42.22 41.72 1.70a 50 . . . . . .
4C 46.23 0.116 CSS G 149 41.37 5 . . . . . . . . . 423 41.57 41.40 1.90 51 8.89 . . .
3C 268.3 0.372 CSS Q . . . . . . . . . . . . . . . . . . . . . . . . 44.34 1.85+0.60
−0.50 6 8.24 -1.97
3C 275 0.480 CSS G . . . . . . . . . . . . . . . . . . 3600 43.83 43.50 1.70a 44 . . . . . .
3C 277.1♣ ♠ 0.320 CSS Q 500 42.80 1 26 41.58 19 2442 43.27 44.18 1.85+0.07−0.07 43 8.37 -1.44
SDSS J132419.67+041907.0 0.263 CSS G 14 41.07 . . . . . . . . . . . . 155 41.89 42.31 2.35+0.39−0.36 47 . . . . . .
3C 287♣ ♠ 1.055 CSS Q 3280 44.68 1 560 43.91 25 6999 44.89 44.99 1.86+0.07
−0.05 43 8.38 -0.73
3C 286♣ ♠ 0.850 CSS Q 6100 44.76 1 380 43.56 26 15026 45.01 44.95 2.12+0.51−0.26 42 8.14 -0.70
3C 298♣ ♠ 1.436 CSS Q 1700 44.65 3 330 43.94 17 6156 45.13 46.08 1.85+0.05−0.05 43 8.95 -0.69
PKS B1421-490 0.662 CSS G . . . . . . . . . . . . . . . . . . . . . . . . 44.21 1.26+0.14−0.13 42 . . . . . .
3C 303.1 0.270 CSS G . . . . . . . . . . . . . . . . . . . . . . . . 42.46 1.70a 6 . . . . . .
3C 305.1 1.132 CSS G . . . . . . . . . . . . . . . . . . . . . . . . 44.19 1.70a 45 . . . . . .
B3 1445+410 0.195 CSS G 26 41.07 6 . . . . . . . . . 397 42.02 42.82 1.67+0.11−0.11 6 8.81 -3.59
3C 305 0.042 CSS G . . . . . . . . . . . . . . . . . . 2947 41.50 40.70 1.70+0.05
−0.05 53 8.02 -2.47
3C 309.1 0.905 CSS Q 804 43.94 3 287 43.49 27 . . . . . . 45.55 1.57+0.04−0.04 43 . . . . . .
3C 318♠ 1.572 CSS Q 500 44.19 1 . . . . . . . . . 2779 44.86 45.28 1.88+0.20−0.19 42 8.75 -1.40
B2 1542+39 0.553 CSS G . . . . . . . . . . . . . . . . . . 195 42.98 42.70 1.70 47 8.76 -2.48
SDSS J155927.67+533054.4 0.179 CSS G . . . . . . . . . . . . . . . . . . 182 41.60 41.71 1.70 47 8.34 -2.74
4C 52.37 0.106 CSS G . . . . . . . . . 38 40.69 28 576 41.62 41.70 1.34+1.10−0.47 54 8.69 -3.61
PMN J1626+0448 0.040 CSS G . . . . . . . . . . . . . . . . . . 186 40.25 40.01 1.70 47 . . . . . .
3C 343 0.988 CSS Q 1460 44.27 1 . . . . . . . . . 4988 44.68 43.57 1.7a 55 . . . . . .
3C 343.1 0.750 CSS G 1250 43.96 1 . . . . . . . . . 4741 44.39 44.04 1.51+1.09−0.90 42 . . . . . .
3C 346 0.163 CSS G . . . . . . . . . . . . . . . . . . 3675 42.82 43.45 1.74+0.05
−0.05 42 8.67 -3.36
B3 1702+457 0.060 CSS G . . . . . . . . . 56 40.37 29 119 40.43 43.76 2.27 56 . . . . . .
4C 13.66 1.450 CSS G . . . . . . . . . . . . . . . . . . . . . . . . 43.60 1.90 57 . . . . . .
3C 380 0.691 CSS Q 2800 44.24 1 1039 43.81 27 . . . . . . 45.81 1.54+0.09−0.09 58 . . . . . .
4C 29.56 0.842 CSS Q . . . . . . . . . . . . . . . . . . . . . . . . 43.49 1.82+0.72
−0.66 43 . . . . . .
3C 454 1.757 CSS Q . . . . . . . . . . . . . . . . . . . . . . . . 45.52 1.68+0.09−0.07 59 . . . . . .
3C 455 0.543 CSS Q . . . . . . . . . . . . . . . . . . . . . . . . 44.08 1.65+0.12
−0.21 42 . . . . . .
4C 31.04 0.059 CSS G . . . . . . . . . 22 39.95 30 . . . . . . . . . . . . . . . . . . . . .
4C 00.02♣ 0.306 GPS G 1100 43.10 7 47∗ 41.79 19 2919 43.31 42.73 . . .b 60 8.55 -2.96
PKS 0237-23 2.225 GPS Q 3340 45.29 7 290 44.48 19 . . . . . . 44.66 1.72+0.03−0.03 42 . . . . . .
4C 05.19 2.639 GPS Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
PKS 0428+20 0.219 GPS G 2300 43.12 7 29 41.22 32 . . . . . . 43.14 . . .b 60 . . . . . .
4C 14.41 0.363 GPS G 1000 43.22 7 . . . . . . . . . 2439 43.40 43.14 . . .b 60 9.10 -3.13
PKS 1127-14 1.184 GPS Q 3820 44.84 7 1890 44.54 23 . . . . . . 46.24 1.20+0.03−0.03 43 . . . . . .
PKS 1143-245 1.950 GPS Q 1400 44.81 7 1100 44.70 33 . . . . . . 45.29 1.62+0.26−0.22 43 . . . . . .
PKS 1245-19 1.280 GPS Q 2300 44.69 7 . . . . . . . . . . . . . . . 44.09 1.96+0.45−0.43 43 . . . . . .
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Table 1. Continued. . .
Name z Type ID log FR log LR refs. log FR log LR refs. log FR log LR log LX Γ refs. log MBH log Redd
VLA VLBI FIRST 2-10keV
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
B3 1315+415 0.066 GPS G . . . . . . . . . 127 40.80 28 249 40.83 42.06 1.70 61 8.84 -4.30
4C 32.44 0.370 GPS G 2350 43.61 7 . . . . . . . . . 4747 43.70 43.56 1.74+0.20−0.20 60
4C 12.50♣ 0.122 GPS G 3030 42.72 7 440 41.88 33 4860 42.67 43.60 1.10+0.29−0.28 43 8.63 -2.93
PKS 1607+26 0.474 GPS G 1710 43.69 7 . . . . . . . . . 4845 43.95 43.50 1.40+0.10−0.10 62 9.03 -2.57
2MASX J19455354+7055488 0.101 GPS G . . . . . . . . . . . . . . . . . . . . . . . . 43.08 1.10+0.30−0.10 63 . . . . . .
PKS 2008-068 0.547 GPS G 1340 43.71 7 50 42.28 34 . . . . . . 43.77 . . .b 60 . . . . . .
COINS J2355+4950 0.238 GPS G 1470 43.00 7 8 40.74 35 . . . . . . 43.11 1.80+1.60−0.90 60 . . . . . .
B2 0026+34♣ 0.517 GPS G 1310 43.65 7 333 43.06 36 . . . . . . 44.26 1.43+0.20−0.19 64 8.57 -2.80
B3 0710+439 0.518 GPS Q 1670 43.76 7 200 42.84 23 2032 43.66 44.52 1.59+0.07
−0.07 62 . . . . . .
PKS 0941-08 0.228 GPS G 1100 42.84 7 . . . . . . . . . . . . . . . 41.69 2.62+1.29−1.03 43 . . . . . .
SDSS J103507.04+562846.7 0.460 GPS G 1270 43.53 7 . . . . . . . . . 1829 43.50 43.33 1.75 60 9.37 -3.38
4C 62.22♣ 0.429 GPS G 1800 43.62 7 38 41.95 32 4375 43.81 44.47 1.24+0.17
−0.17 60 8.55 -2.43
Mrk 0668 0.077 GPS Q 2660 42.25 7 . . . . . . . . . 830 41.49 43.95 2.21+0.19−0.14 62 8.72 -1.97
PKS 1718-649 0.014 GPS G . . . . . . . . . . . . . . . . . . . . . . . . 41.19 1.60+0.20−0.20 62 . . . . . .
COINS J1815+6127 0.601 GPS Q . . . . . . . . . . . . . . . . . . . . . . . . 44.04 1.70+0.33−0.31 43 . . . . . .
PKS 1934-63 0.183 GPS G . . . . . . . . . . . . . . . . . . . . . . . . 43.04 1.67+0.15
−0.16 62 . . . . . .
PKS 2127+04 0.990 GPS G 2020 44.41 7 20 42.41 33 3867 44.57 44.45 1.98+0.50−0.40 60 . . . . . .
PKS 2254-367 0.006 GPS G . . . . . . . . . 530 39.32 37 . . . . . . 40.90 1.89+0.10−0.11 65 . . . . . .
CGRaBs J1424+2256 3.620 HFP Q . . . . . . . . . . . . . . . . . . 285 44.90 . . . . . . . . . . . . . . .
SDSS J130941.51+404757.2 2.907 HFP Q 131 44.38 9 . . . . . . . . . 39 43.85 . . . . . . . . . 8.07 0.09
SDSS J151141.26+051809.2♣ 0.084 HFP G 607 41.69 10 19∗ 40.17 38 77 40.54 42.70 1.00+0.20−0.20 62 7.88 -2.23
CGRaBs J0111+3906 0.669 HFP G 1270 43.87 11 229 43.24 19 . . . . . . 43.83 1.75 66 . . . . . .
B2 0035+22 0.096 CSO G . . . . . . . . . 36 40.60 19 . . . . . . 41.91 1.70 62 . . . . . .
NGC 262 0.015 CSO G 802 40.30 12 220 39.74 39 . . . . . . . . . . . . . . . . . . . . .
NGC 3894 0.010 CSO G 568 39.44 13 67 38.87 13 472 39.72 40.77 1.23+1.90
−0.65 67 . . . . . .
SDSS J124733.31+672316.4 0.107 CSO G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.95 -3.92
Mrk 231 0.042 CSO G 270 40.73 14 162 40.51 14 243 40.41 42.48 1.47 68 . . . . . .
PKS 1413+135 0.247 CSO G 1000 42.87 15 547 42.61 40 1179 42.71 44.10 1.59+0.23−0.22 42 . . . . . .
COINS J1845+3541 0.763 CSO G . . . . . . . . . 173 43.12 41 . . . . . . 43.70 1.70 62 . . . . . .
COINS J1944+5448 0.263 CSO G 885 42.87 16 14 41.07 35 . . . . . . 42.87 1.70 62 . . . . . .
COINS J2022+6136 0.227 CSO G 2820 43.24 7 91 41.75 35 . . . . . . 43.98 1.70+0.20−0.10 63 . . . . . .
Columns: (1) source name; (2) redshift; (3) type; (4) ID: G - galaxy, Q - quasar; (5) - (6) the VLA core flux density (in mJy)
and luminosity (in erg s−1) at 5 GHz; (7) the references for (5); (8) - (9) the VLBI core flux density (in mJy) and luminosity (in
erg s−1) at 5 GHz; (10) the references for (8); (11) - (12) the FIRST 1.4 GHz flux density (in mJy), and corresponding luminosity
at 5 GHz (assuming a spectral index of 0.5, in erg s−1); (13) - (14) the X-ray luminosity (in erg s−1) and the photon index at 2−10
keV; (15) the references for (13) and (14); (16) - (17): the black hole mass in solar mass, and the Eddington ratio Lbol/Ledd.
♣: the source was used to derive the fundamental plane relation either with VLBI core luminosity applied or with FIRST data
used except B2 0026+34.
♠: the source was used to compute the composite SED.
∗: the radio flux density at 8.4 GHz, and the corresponding 5 GHz luminosity are derived assuming a spectral index of 0.
a: Γ = 1.7 is assumed to calculate the 2−10 keV X-ray luminosity.
b: The assumed Γ was used to estimate X-ray luminosity in Tengstrand et al. (2009).
References: (1)Pearson et al. (1985); (2)Spangler & Cook (1980); (3)Laurent-Muehleisen et al. (1997) ; (4)Akujor & Garrington
(1995) ; (5)Lin et al. (2009); (6)O’Dea et al. (2017); (7)Stanghellini et al. (1998) ; (8)Wrobel & Heeschen (1984);
(9)Orienti et al. (2010); (10)Tinti et al. (2005) ; (11)O’Dea et al. (1990); (12)Gallimore et al. (2006); (13)Taylor et al. (1996)
; (14)Ulvestad et al. (1999); (15)Ulvestad et al. (1981) ; (16)Saikia et al. (2001); (17)Fanti et al. (2002) ; (18)An et al.
(2010); (19)http://astrogeo.org/vlbiimages/; (20)Mantovani et al. (2010); (21)Shen et al. (2006); (22)Hough et al. (2002);
(23)Dodson et al. (2008); (24)Kunert-Bajraszewska et al. (2010); (25)Fanti et al. (1989); (26)An et al. (2017); (27)Yuan et al.
(2018); (28)de Vries et al. (2009); (29)Gu & Chen (2010); (30)Giroletti et al. (2003); (31)Jones et al. (1984); (32)Dallacasa et al.
(2013); (33)Stanghellini et al. (1997); (34)Stanghellini et al. (1999); (35)Pollack et al. (2003); (36)Fomalont et al. (2000);
(37)Tingay & Edwards (2015); (38)An et al. (2012); (39)Neff & de Bruyn (1983); (40)Perlman et al. (1996); (41)Xu et al.
(1995); (42)This work; (43)Siemiginowska et al. (2008); (44)Massaro et al. (2013); (45)Stuardi et al. (2018); (46)Jia et al. (2013);
(47)Kunert-Bajraszewska et al. (2014); (48)Torresi et al. (2018); (49)Kunert-Bajraszewska et al. (2009); (50)Massaro et al. (2012);
(51)Mezcua et al. (2018); (52)Massaro et al. (2010); (53)Hardcastle et al. (2012); (54)de Gasperin et al. (2011); (55)Massaro et al.
(2015); (56)Zhou & Zhang (2010); (57)Wilkes et al. (2013); (58)Belsole et al. (2006); (59)Salvati et al. (2008); (60)Tengstrand et al.
(2009); (61)Barrows et al. (2016); (62)Siemiginowska et al. (2016); (63)Sobolewska et al. (2019) (64)Guainazzi et al. (2006);
(65)Gonza´lez-Mart´ın et al. (2006); (66)Vink et al. (2006); (67)She et al. (2017); (68)Feruglio et al. (2015)
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Figure 10. upper le f t : the radio luminosity ratio for our sources with both VLBI and NVSS detections; upper right : the distributions of
LX/LEdd for 18 sources in the FP study in Fan & Bai (2016) before and after correcting LX; lower le f t : the distributions of Lbol/LEdd for
18 sources in the FP study in Fan & Bai (2016) before and after correcting LX; lower right : the difference on BH mass for six common
sources between our work and Fan & Bai (2016).
Table 2. Samples in our work and Fan & Bai (2016)
Sample Source number
Our work 91
Fan & Bai 32
sources for FP in our work 13
sources for FP in Fan & Bai 18
common sources 31a
common sources for FP 6
a: one source (0500+019) in Fan & Bai is excluded
in our work due to its blazar-type.
Table 3. Re-analysis of FP for Fan & Bai (2016) with corrected
LX
Sample Number ba ξRX
∗ ξRM
∗
All 18 0.92±0.16 0.66±0.08 0.43±0.15
Allb 18 0.81±0.07 0.10±0.10
Sources at Redd > 10
−3 17c 1.08±0.14 0.92±0.05 0.32±0.08
Sources at Redd > 10
−3 17b,c 0.95±0.06 0.48±0.08
a: using OLS bisector as did in our work.
∗: from same multiple linear regression of Bayesian approach (Kelly
2007) in our work and Fan & Bai (2016).
b: the BH masses for 6 common sources have been replaced with ours.
c: after excluding one source PKS 0941-08 with Lbol/Ledd < 10
−3.
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